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7KH WK ,QWHUQDWLRQDO &RQIHUHQFH RQ :DVWH 0DQDJHPHQW DQG 7HFKQRORJ\
(IIHFWV RI FRQGLWLRQHUV RQ VXOIRQDPLGHV GHJUDGDWLRQ GXULQJ
WKH DHURELF FRPSRVWLQJ RI DQLPDO PDQXUHV
-LQURQJ 4LXD -LQKXD +HDE 4LQJ\XQ /LX DE =KHQJ\XDQ *XRE 'HFKXQ +HD *HQ\L
:XD  =KHQFKHQJ ;XD
D 6RXWK &KLQD ,QVWLWXWH 2I (QYLURQPHQWDO 6FLHQFHV0(3 *XDQJ]KRX  &KLQD
E&ROOHJH RI 5HVRXUFH DQG (QYLURQPHQW +XQDQ $JULFXOWXUH 8QLYHUVLW\ &KDQJVKD  &KLQD
$EVWUDFW
6XOIRQDPLGHV 6$V LV RQH NLQG RI WKH PRVW LPSRUWDQW SKDUPDFHXWLFDOV RFFXUULQJ LQ WKH HQYLURQPHQW $V WKH IRRG
DGGLWLYH DQ LQFUHDVH DSSOLFDWLRQ RI 6$V LQ WKH SURGXFWLRQ RI OLYHVWRFN DQG SRXOWU\ OHDGV WR DPRXQWV RI 6$V H[FUHWHG
LQ PDQXUH UHVXOWLQJ LQ SHUVLVWHQW HQYLURQPHQW SROOXWLRQ 2XU UHVHDUFK DLPHG WR VWXG\ WKH HIIHFWV RI VRPH
FRQGLWLRQHUVVDZGXVW ULFH VWUDZ RQ 6$V GHJUDGDWLRQ GXULQJ WKH DHURELF FRPSRVWLQJ RI DQLPDO PDQXUH 7KH
H[SHULPHQWV ZHUH FRQGXFWHG IRU  PDQXUH FRPSRVWLQJ WUHDWPHQWV DV IROORZ KRJ PDQXUH PJÂNJ 6$V KRJ
PDQXUHVDZGXVW PJÂNJ 6$V KRJ PDQXUHULFH VWUDZ PJÂNJ 6$V KRJ PDQXUH PJÂNJ6$V KRJ
PDQXUHVDZGXVW PJÂNJ 6$V KRJ PDQXUHULFH VWUDZPJNJ 6$V &KLFNHQ PDQXUH PJÂNJ 6$V &KLFNHQ
PDQXUHVDZGXVWPJÂNJ6$V &KLFNHQ PDQXUHPJÂNJ6$V &KLFNHQ PDQXUHVDZGXVW  PJÂNJ6$V7KH
GHJUDGDWLRQ RI IRXU 6$VVXOIDPHUD]LQH60VXOIDFKORUS\ULGD]LQH6&3 VXOIDGLPR[LQH6'0ƍ 6XOIDTXLQR[DOLQH64
ZHUH HYDOXDWHG 7KH UHVXOWV VKRZHG WKDW RYHU  RI  NLQGV RI 6$V ZHUH GHJUDGHG LQ G RI DHURELF FRPSRVWLQJ
6LJQLILFDQW GHJUDGDWLRQ RI 60 6&3 6'0ƍ 64 ZHUH VKRZHG LQ WUHDWPHQWV XVLQJ FRQGLWLRQHUV WKDQ XVLQJ PDQXUH
DORQH 7KH UHGXFWLRQ RI  NLQGV RI 6$V UDQJHG IURP  WR  LQ DOO VL[ WUHDWPHQWV LQ DHURELF FRPSRVWLQJ DQG
WKH KLJKHVW GHJUDGHG UDWHV ZHUH REVHUYHG LQ VL[ KRJ PDQXUH WUHDWPHQWV ZLWK DGGLQJ ULFH VWUDZV ,W FRQFOXGHG WKDW
DGGLQJ FRQGLWLRQHUV LPSURYHG WKH GHJUDGDWLRQ UDWH RI  NLQGV RI 6$V GXULQJ FRPSRVWLQJ ZKLFK ZDV FRQVLGHUHG DV D
SUDFWLFDO DQG HFRQRPLFDO RSWLRQ IRU UHGXFLQJ DQWLELRWLF OHYHOV LQ DQLPDO PDQXUH EHIRUH ILHOG XVH
  7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU %9
6HOHFWLRQ DQGRU SHHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI %DVHO &RQYHQWLRQ &RRUGLQDWLQJ &HQWUH IRU $VLD DQG WKH 3DFLILF
DQG 1DWLRQDO &HQWHU RI 6ROLG :DVWH 0DQDJHPHQW 0LQLVWU\ RI (QYLURQPHQWDO 3URWHFWLRQ RI &KLQD
.H\ZRUGV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 6XOIRQDPLGHV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 &RQGLWLRQHUV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 ,QWURGXFWLRQ
6LQFH WKHLU GLVFRYHU\ LQ WKH HDUO\ V DQWLELRWLFV KDYH EHHQ ZLGHO\ DSSOLHG LQ WUHDWLQJ LQIHFWLRXV
GLVHDVHV ZKLFK HQGDQJHU KXPDQV DQG DQLPDOV KHDOWK VHULRXVO\ :LWK WKH IDVW GHYHORSPHQW RI OLYHVWRFN DQG
SRXOWU\ EUHHGLQJ DPRXQW RI DQWLELRWLFV DUH XVHG DV IRRG DGGLWLYH WR LPSURYH DQLPDO JURZWK >@ 0RUH
WKDQ  PLOOLRQ NJ RI DQWLELRWLFV DUH HVWLPDWHG WR EH XVHG IRU YHWHULQDU\ SXUSRVHV LQ WKH FKLQD DQQXDOO\ 7KH
DQWLELRWLFV LQ DQLPDO WLVVXHV DUH DEVRUEHG LQFRPSOHWHO\ DQG SDUWV RI WKHP DUH VWLOO H[FUHWHG LQ XULQH DQG
IHFHV 3UHYLRXV VWXGLHV VKRZHG WKDW KLJK TXDQWLW\ RI VRPH DQWLELRWLFV DV PXFK DV ± FDQ EH
H[FUHWHG DV WKH SDUHQW FRPSRXQG LQ PDQXUHV >@ DQG WKHQ VWRUDJH LQ ODJRRQV RU SLWV GXULQJ ODQG
DSSOLFDWLRQ>@ :LWK UHVSHFW WR WKH PDQXUHV NHSW LQ ODJRRQV WKH VWDWLRQDU\ SKDVHV RI VRPH LQIHFWLRXV DUH
XS WR  GD\V >@ 0RUHRYHU ZKHQ DQWLELRWLFV HQWHU LQWR VRLO ZLWK PDQXUH WKH\ DUH UHODWLYHO\ FRQVWDQW LQ
± PRQWKV >@ $OWKRXJK WKHLU FRQFHQWUDWLRQV DUH YHU\ ORZ DQWLELRWLFV VWLOO EULQJ SRWHQWLDO KDUPV WR
KXPDQ DQG DQLPDO LQ ORQJWHUP H[SRVXUH
&RPSRVWLQJ LV D FRQWUROOHG DHURELF SURFHVV LQ ZKLFK VHYHUDO NLQGV RI PLFURRUJDQLVPV GHFRPSRVH
RUJDQLF PDWHULDOV DQG SURGXFH VWDEOH RUJDQLF DQG LQRUJDQLF E\SURGXFWV >@ &RPSRVWLQJ KDV EHHQ
FRQVLGHUHG DV DQ HIIHFWLYH ELRUHPHGLDWLRQ VWUDWHJ\ IRU VRLO ELRVROLGV DQGRU PDQXUH FRQWDPLQDWHG ZLWK
H[SORVLYHV DURPDWLF DQG SHWUROHXP K\GURFDUERQV >@ SHVWLFLGHV SHUVRQDO FDUH SURGXFWV >@ DQG
KRUPRQHV >@ 3UHYLRXV VWXGLHV RI 'ROOLYHU>@ %DR>@ $ULNDQ>@ VKRZHG WKDW FRQWHQWV RI WHWUDF\FOLQH
LQ PDQXUH FRXOG EH UHGXFHG E\ FRPSRVWLQJ +RZHYHU WKH YDULDWLRQV RI 6$V GXULQJ PDQXUH FRPSRVWLQJ
DUH VWLOO QRW FOHDUO\ DQG WKH GHSOHWLRQ SURFHVV RI 6$V LV OLPLWHG DV ZHOO 7KHUHIRUH WKH REMHFWLYH RI RXU
VWXG\ ZDV WR GHWHUPLQH KRZ WKHVH IRXU NLQGV RI 6$V VXOIDPHUD]LQH60 VXOIDFKORUS\ULGD]LQH6&3
VXOIDGLPR[LQH6'0ƍ 6XOIDTXLQR[DOLQH64 DUH GHJUDGHG DQG ZKDW DUH WKHLU GHJUDGDWLRQ UDWHV LQ PDQXUH
GXULQJ FRPSRVWLQJ
 0DWHULDOV DQG 0HWKRGV
 &KHPLFDOV DQG VWDQGDUGV
7KH 6WDQGDUG GUXJV60 6&3 6'0ƍ 64 ZHUH REWDLQHG IURP (KUHQVWRUIHU &RPSDQ\ ZLWK D 3XULW\
RI RYHU  7KH GUXJV IRU FRPSRVWLQJ ZHUH REWDLQHG IURP ORFDO YHWHULQDU\ GUXJ VWRUH ZLWK D SXULW\ RI
RYHU 
 ([SHULPHQWDO PDWHULDOV
,Q WKLV H[SHULPHQW WZR PDQXUH VDPSOHV FKLFNHQ DQG KRJ PDQXUH ZHUH FROOHFWHG IURP GLIIHUHQW
OLYHVWRFN IDUPV LQ :HQFKDQJ +DLQDQ SURYLQFH 7ZR NLQGV RI 6$V 60 64 UHVLGXH ZHUH IRXQG LQ
FKLFNHQ PDQXUH VDPSOHV DQG WKH UHVLGXDO 60 DQG 64 FRQFHQWUDWLRQ LQ WKH PDQXUH VDPSOHV ZHUH XS WR
 DQG  JÂNJ UHVSHFWLYHO\ 7KHUH ZDV QR UHVLGXDO 6$V LQ KRJ PDQXUH ,Q DGGLWLRQ WKH
VDZGXVW ZDV REWDLQHG IURP D FRPPHUFLDO VDZPLOO DQG ULFH VWUDZ ZDV REWDLQHG IURP $JULFXOWXUDO SODQWLQJ
7KH PDLQ FKHPLFDO SURSHUWLHV RI WKHVH GLIIHUHQW PDWHULDOV ZHUH VKRZQ LQ WDEOH
7DEOH  3K\VLFDO DQG FKHPLFDO SURSHUWLHV RI UDZ PDWHULDOV IRU FRPSRVWLQJ
0DWHULDO & 1 &1 0RLVWXUH FRQWHQW
+RJ PDQXUH    
6DZGXVW    
5LFH VWUDZ    
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 (TXLSPHQW
7KHUH ZHUH  LGHQWLFDO  / F\OLQGULFDO SODVWLF FRQWDLQHUV  P KHLJKWî P LQ GLDPHWHU IRU WKH
DHURELF FRPSRVWLQJ $W WKH ERWWRP RI HDFK FRQWDLQHU WKH YHQWLODWLRQ WXEH ZDV FRQQHFWHG IRU DHUDWLRQ
0RUHRYHU HDFK FRQWDLQHU ZDV FRYHUHG E\ PP FUXVKHG VWRQH 7LPH FRQWUROOHU DQG YDOYH ZHUH XVHG WR
FRQWURO YHQWLODWLRQ UDWH DQG WLPH 7KH HTXLSPHQW IRU FRPSRVWLQJ ZDV VKRZQ LQ )LJ 
)LJ  7KH HTXLSPHQW IRU DHURELF FRPSRVWLQJ
 WLPH FRQWUROOHU  EORZHU IORZPHWHU  9HQWLODWLRQ SLSH WKHUPRPHWHU FRPSRVW PDWHULDO $HUDWHG OD\HU 
GLVFKDUJH SRUW  EODFN 3ODVWLF ILOP  DLUYHQW
 &RPSRVWLQJ H[SHULPHQWDO GHVLJQ
7HQ PDQXUH FRPSRVWLQJ WUHDWPHQWV ZHUH VKRZQ DV IROORZV &KLFNHQ PDQXUH PJÂNJ6$V7
&KLFNHQ PDQXUHVDZGXVW PJÂNJ6$V7 &KLFNHQ PDQXUHPJÂNJ6$V7 &KLFNHQ PDQXUH
VDZGXVWPJÂNJ6$V7 KRJ PDQXUHPJÂNJ6$V7KRJ PDQXUHVDZGXVWPJÂNJ6$V7
KRJPDQXUHULFHVWUDZPJNJ6$V7KRJ DQXUHPJNJ6$V7KRJ PDQXUHVDZGXVWPJNJ
6$V7 KRJ PDQXUH ULFH VWUDZPJNJ 6$V7  FRPSRVWLQJ ELQV ZHUH ILOOHG ZLWK  NJ
PL[WXUH LQ HDFK RQH DQG WKHQ FRPSDFWHG
,Q WKLV H[SHULPHQW WKH PRLVWXUH FRQWHQWV ZHUH NHSW DW  PDWHULDO FDSDFLW\ ZDWHU 7KH LQLWLDO & 1
UDWLR ZDV DGMXVWHG WR  E\ DGGLQJ VDZGXVW RU ULFH VWUDZ 7KH ULFH VWUDZ ZDV FXW LQ  FP ORQJ SLHFHV )RXU
6$V ZHUH DGGHG DQG PL[HG ZLWK PDQXUH DQG RWKHU PDWHULDOV DW WDUJHW FRQFHQWUDWLRQV RI  DQG  PJÂNJ
$OO VDPSOHV ZHUH WKRURXJKO\ PL[HG PDQXDOO\ LQ D SODVWLF WUD\
7KH FRPSRVWLQJ VDPSOHV ZHUH DHUDWHG IRU HYHU\  KRXUV DQG WKH 9HQWLODWLRQ UDWH ZDV VHW WR 
PÂPLQ LQ ILUVW WZR ZHHNV EXW  PÂPLQ LQ ODVW IRXU ZHHNV 6DPSOHV IRU DQDO\VLV ZHUH WDNHQ IURP
HDFK PDQXUH FRPSRVWLQJ WHVW DW GD\V      DQG  RI FRPSRVWLQJ IRU GHWHUPLQDWLRQ RI  6$V
FRQFHQWUDWLRQV DQG PRLVWXUH FRQWHQW RI WKH FRPSRVWLQJ VDPSOHV  VDPSOHV ZHUH WDNHQ IURP HDFK
FRQWDLQHU PL[HG WKRURXJKO\ DQG D FRPSRVLWH VDPSOH ZDV FROOHFWHG LQ D SODVWLF EDJ 6DPSOHV ZHUH
FROOHFWHG DW  GD\ LQWHUYDOV 7KH VDPSOHV ZHUH LPPHGLDWHO\ EURXJKW WR WKH ODERUDWRU\ DQG DQDO\]HG IRU
WKHLU DQWLELRWLF FRQWHQW 7KH VDPSOHV ZHUH WKHQ VWRUHG DW ć WR GHWHUPLQH RWKHU SDUDPHWHUV 1 S+ WRWDO 3
DQG . $OO DQDO\VHV ZHUH FRPSOHWHG ZLWKLQ RQH ZHHN RI VDPSOLQJ 7HPSHUDWXUH ZDV PHDVXUHG GDLO\ E\ D
GLJLWDO WKHUPRPHWHU LQ WKH FHQWUH RI WKH PDWHULDO
 $QWLELRWLF $QDO\VLV
&RQWHQWV RI  VXOIRQDPLGHV 60 6&3 6'0ƍ 64 UHVLGXHV LQ FRPSRVWLQJ VDPSOHV ZHUH DQDO\]HG E\
KLJK SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ +3/& ZLWK IOXRUHVFHQFH GHWHFWLRQ GHWHFWRU 7KH VDPSOHV ZHUH
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H[WUDFWHG ZLWK P/ PHWKDQRO IRU WKUHH WLPHV DQG WKHQ WKH FRPELQHG H[WUDFWV ZHUH HYDSRUDWHG WR GU\QHVV
XQGHU UHGXFHG SUHVVXUH DW ć 7KH UHVLGXH ZDV GLVVROYHG LQ  PRO/ +& DQG WKH DQDO\WHV ZHUH
GHULYHG ZLWK IOXRUHVFDPLQH 7KH FKURPDWH JUDSKLF VHSDUDWLRQ ZDV SHUIRUPHG RQ D & FROXPQ ZLWK
DJUDGLHQW HOXWLRQ SURJUDP XVLQJ PRELOH SKDVHV EDVHG RQ PL[WXUHV RI DFHWRQLWULOH  DFHWLF DFLG
DTXHRXV   VROXWLRQ7KH IRXU VXOIRQDPLGHV ZHUH VHSDUDWHG ZLWKLQ  PLQ
 5HVXOWV
 &RPSRVWLQJ SURFHVV IRU DHURELF FRPSRVWLQJ
7KH RGRU RI  WUHDWPHQWV ZDV VWURQJHU ZLWK DGGLQJ WKH PL[WXUH RI DQWLELRWLF DQG ZDWHU DQG WKHQ LW
EHFDPH VPDOOHU DIWHU G HYHQ GLVDSSHDUHG DIWHU G 6LJQLILFDQW GLIIHUHQFHV LQ WHPSHUDWXUH RI FRPSRVWLQJ
ZHUH REVHUYHG LQ DOO  WUHDWPHQWV 2YHU & WHPSHUDWXUH LQ G ZDV IRXQG LQ DOO  WUHDWPHQWV DQG WKHQ
ać WHPSHUDWXUH ZDV NHSW LQ ILYH FRQVHFXWLYH GD\V 6XEVHTXHQWO\ WKH WHPSHUDWXUH GHFUHDVHG WR a
ć LQ  GD\V :LWK DGGLQJ PL[LQJ ZDWHU DJDLQ LQ  G DOO  WUHDWPHQWV NHSW WHPSHUDWXUH DW  ać
DQG WKHQ LWV GHFUHDVHG DJDLQ DW WKH VDPH DV H[WHUQDO WHPSHUDWXUH
 'HJUDGDWLRQ RI  6$V
'HJUDGDWLRQ RI  6$V GXULQJ FRPSRVWLQJ
3UHYLRXV VWXGLHV VKRZHG WKDW WHWUDF\FOLQH LQ PDQXUH FRXOG EH GHJUDGHG E\ FRPSRVWLQJ 2XU
UHVXOWV7DEOH VKRZHG WKDW DOO WUHDWPHQWV RI FRPSRVWLQJ FDQ GHILQLWHO\ UHGXFH FRQWHQWV RI 6$V ,Q WKLV
VWXG\ WKH KLJK OHYHO WUHDWPHQW KDG WKH VLPLODU GHJUDGDWLRQ WUHQG IRU  6$V DV WKH ORZ OHYHO WUHDWPHQW  G
RI WKHUPRSKLOLF FRPSRVWLQJ UHVXOWHG LQ ! UHGXFWLRQ LQ 60 ! UHGXFWLRQ LQ 6&3 !
UHGXFWLRQ LQ 6'0ƍ ! UHGXFWLRQ LQ 64
7DEOH  3HUFHQWDJH RI  6$V UHGXFWLRQ LQ GLIIHUHQW WUHDWPHQWV RI FRPSRVWLQJ DIWHU G
&RPSRVWLQJ WUHDWPHQWV 7 7 7 7 7 7 7 7 7 7
3HUFHQWDJH RI
UHGXFWLRQ 
60          
6&3          
6'0ƍ          
64          
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7KH HIIHFW RI  6$V 'HJUDGDWLRQ E\ DGGLQJ PDWHULDOV GXULQJ FRPSRVWLQJ
2XU UHVXOWV VKRZHG WKDW WKH DGGLWLRQ RI VDZGXVW RU ULFH VWUDZ ZHUH PRUH XVHIXO IRU WKH GHJUDGDWLRQ RI 
6$V LQ ORZ RU KLJK OHYHO WUHDWPHQWV WKDQ DGGLQJ QRWKLQJ H[FHSW WKH GUXJV 7KH YDULDWLRQV RI H[WUDFWDEOH D
60 E 6&3 F 6'0ƍ G 64 GXULQJ FRPSRVWLQJ RI FKLFNHQ PDQXUH ZHUH REVHUYHG LQ )LJ  ,Q WKLV
VWXG\ WZR OHYHO WUHDWPHQWV ZHUH GHVLJQHG 7KH 6$V UHPRYDOV ZHUH LQYHVWLJDWHG LQ GLIIHUHQW FRPSRVWLQJ
SKDVHV 'XULQJ WKH  G KHDWLQJ SKDVH RI 7 7 WUHDWPHQWV  WKH 60 UHPRYDO ZHUH  DQG 
6&3 ZHUH  DQG  6'0ƍ ZHUH DQG  64 ZHUH  DQG  WKH WRWDO
UHPRYDO SHUFHQWDJHV RI 60 LQ WKH  G ZHUH  DQG  6&3 ZHUH  DQG  6'0ƍ
ZHUH  DQG  64 ZHUH  DQG  'XULQJ 7 7 WUHDWPHQWV LQ WKH  G KHDWLQJ SKDVH
WKH 60 UHPRYDO SHUFHQWDJHV ZHUH  DQG  6&3 ZHUH  DQG  6'0ƍ ZHUH
 DQG 64 ZHUH  DQG  WKH WRWDO UHPRYDO SHUFHQWDJHV RI 60 LQ WKH  G
ZHUH  DQG  6&3 ZHUH  DQG  6'0ƍ ZHUH  DQG  64 ZHUH 
DQG 
7KH YDULDWLRQV RI 6$V FRQFHQWUDWLRQ LQ FRPSRVWLQJ RI KRJ PDQXUH ZHUH VLPLODU DV WKH FRPSRVWLQJ RI
FKLFNHQ PDQXUH )LJ  'XULQJ WKH  G KHDWLQJ SKDVH RI 7 7 DQG 7 WUHDWPHQWV WKH 60 UHPRYDO
SHUFHQWDJHV ZHUH  DQG  6&3 ZHUH   DQG  6'0ƍ ZHUH
  DQG  64 ZHUH   DQG  WKH WRWDO UHPRYDO SHUFHQWDJH RI
60 LQ WKH  G ZHUH   DQG  6&3 ZHUH   DQG  6'0ƍ ZHUH  
DQG  64 ZHUH   DQG  'XULQJ WKH  G KHDWLQJ SKDVH RI 7 7 DQG 7 WUHDWPHQWV 
WKH 60 UHPRYDO SHUFHQWDJHV ZHUH   DQG  6&3 ZHUH   DQG 
6'0ƍ ZHUH   DQG  64 ZHUH   DQG  :LWK WKH GLIIHUHQW
WKHUPRSKLOLF FRPSRVWLQJ FRQGLWLRQV  6$V ZHUH GHJUDGHG WKH WRWDO UHPRYDO SHUFHQWDJHV RI 60 LQ WKH
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 'LVFXVVLRQ
&RPSRVWLQJ KDV EHHQ FRQVLGHUHG DV D IHDVLEOH PHWKRG IRU DQWLELRWLFV GHJUDGDWLRQ LQ PDQXUH EXW VWXGLHV
LV VWLOO OLPLWHG 7KH PHFKDQLVPV RI GHJUDGDWLRQ LQ FRPSRVW LV JHQHUDOO\ FRUUHODWHG WR VRLO RU RWKHU PDWWHU
PDQXUH ELRVROLGV VHGLPHQWV HWF GHJUDGDWLRQVLPLODU>@ %ULM 9HUPD HW DO >@ LQGLFDWHG WKDW D KDOIOLIH
RI DQWLELRWLFV FRXOG GHFUHDVH GXH WR PLFURELDO IUHTXHQW DFWLYLWLHV )OHPPLQJ ,QJHUVO HW DO >@ IRXQG WKDW
WKH WHPSHUDWXUH LQFUHDVH ZDV KHOSIXO WR GHJUDGH DQWLELRWLFV 0RUHRYHU RWKHU VWXGLHV FRQILUPHG WKH DELRWLF
GHJUDGDWLRQ RI WHWUDF\FOLQH DQG SURSRVHG WKH DELRWLF SURFHVVHV GXULQJ FRPSRVWLQJ DQG VWRFNSLOLQJ PLJKW
EH RQH RI UHDVRQV IRU FKORUWHWUDF\FOLQH GHJUDGDWLRQ>@ ,Q RXU VWXG\ DOO RI IRXU 6$V ZHUH GHJUDGHG
GXULQJ WKHUPRSKLOLF FRPSRVWLQJ SURFHVV ZKLFK PLJKW EH FRUUHODWHG ZLWK WKH DFWLYLWLHV RI PLFURELDO WKH
LQFUHDVH RI WHPSHUDWXUH DQG RWKHU IDFWRUV
&RQGLWLRQHUV DUH LPSRUWDQW DVVLVWDQW PDWHULDOV LQ WKH FRPSRVWLQJ SURFHVV 7KH IRUPHU UHVHDUFKHU IRXQG
WKDW DGGLQJ FRQGLWLRQHUV RQ FRPSRVWLQJ SURFHVV ZDV QHFHVVDU\ IRU DGMXVWLQJ WKH &1 UDWLR RI WKH
PDWHULDOV UHJXODWLQJ PRLVWXUH FRQWHQW PRGXODWLQJ WKH IUHH DLU VSDFH UHGXFLQJ WKH RGRUV LPSURYLQJ
QXWULHQW FRQWHQWV DQG SURPRWLQJ WKH JURZWK RI PLFURRUJDQLVPV ,Q RXU VWXG\ WKH GHJUDGDWLRQ RI  6$V
XVLQJ PDQXUH VDZGXVW RU PDQXUH ULFH VWUDZ ZDV PRUH HIIHFWLYH WKDQ RWKHU WUHDWPHQWV XVLQJ PDWXUH
DORQH ZKLFK PLJKW UHIOHFW WKH KLJKHU DFWLYLWLHV RI PLFURRUJDQLVP LQ WKH IRUPHU ,Q DGGLWLRQ PRVW HIIHFWLYH
GHJUDGDWLRQ LQ WUHDWPHQWV ZLWK ULFH VWUDZ DGGLWLRQV PD\ EH DWWULEXWHG WR WKH ODUJHU YROXPH RI ULFH VWUDZ
HDVLO\ HDVLO\ WR EH ELRGHJUDGHG LQ WKH FRPSRVWLQJ
 &RQFOXVLRQV
&RPSRVWLQJ FDQ HIIHFWLYHO\ SURPRWH WKH GHSOHWLRQ RI &7& ZKHWKHU LQ KRJ PDQXUH RU FKLFNHQ PDQXUH
,Q WKLV VWXG\ RYHU  GHJUDGDWLRQ RI  NLQGV RI 6$V ZDV REVHUYHG LQ  G RI DHURELF FRPSRVWLQJ 7KH
GHJUDGDWLRQ UDWHV RI  6$V LQ WUHDWPHQWV XVLQJ PDQXUH VDZGXVW RU PDQXUH ULFH VWUDZ ZDV PXFK PRUH
HIIHFWLYH WKDQ RWKHU WUHDWPHQWV XVLQJ PDWXUH DORQH 0RUHRYHU DGGLQJ ULFH VWUDZ ZDV WKH PRVW HIIHFWLYH
PHWKRG IRU 6$V GHJUDGDWLRQ LQ VL[ KRJ PDQXUH WUHDWPHQWV 6R IDU LW LV VWLOO ODFN RI VWXGLHV DERXW WKH
GHSOHWLRQ RI 6$V LQ FRPSRVWLQJ PRUH H[SHULPHQWV DUH QHHGHG WR GHWHUPLQH WKH GHJUDGDWLRQ RI GLIIHUHQW
DQWLELRWLF FRPSRXQGV LQ RWKHU PDQXUH W\SHV DQG PDQDJHPHQW V\VWHPV
5HIHUHQFHV
>@ +DOOLQJ 6¡UHQVHQ % 1RUV 1LHOVHQ 6 /DQ]N\ 3 ) HW DO 2FFXUUHQFH IDWH DQG HIIHFWV RI SKDUPDFHXWLFDO VXEVWDQFHV LQ WKH
HQYLURQPHQWD UHYLHZ - &KHPRVSKHUH    ±
>@ 3KLOOLSV , FDVHZHOO 0 &R[ 7 HW DO 'RHV WKH XVH RI DQWLELRWLFV LQ IRRG DQLPDOV SRVH D ULVN WR KXPDQ KHDOWK" $ FULWLFDO UHYLHZ RI
SXEOLVKHG GDWD - -RXUQDO RI $QWLPLFURELDO &KHPRWKHUDS\   ±
>@ .XPDU . *XSWD 6& %DLGRR .6 HW DO $QWLELRWLF XSWDNH E\ SODQWV IURP VRLO IHUWLOL]HG ZLWK DQLPDO PDQXUH- -RXUQDO RI
(QYLURQPHQWDO 4XDOLW\  ±
>@ &KHH6DQIRUG -& 0DFNLH 5, .RLNH 6 HW DO )DWH DQG WUDQVSRUW RI DQWLELRWLF UHVLGXHV DQG DQWLELRWLF UHVLVWDQFH JHQHWLF
GHWHUPLQDQWV GXULQJ PDQXUH VWRUDJH WUHDWPHQW DQG ODQG DSSOLFDWLRQ - - (QYLURQ 4XDO   ±
>@ .XFKWD 6/ &HVVQD $- /LQFRP\FLQ DQG VSHFWLQRP\FLQ FRQFHQWUDWLRQV LQ OLTXLG VZLQH PDQXUH DQG WKHLU SHUVLVWHQFH GXULQJ
VLPXODWHG PDQXUH VWRUDJH - $UFK (QYLURQ &RQWDP 7R[LFR   ±
>@ 5\QN 5 2QIDUP FRPSRVWLQJ KDQGERRN 3XEO 15$(6 1DWXUDO UHVRXUFH DJULFXOWXUH DQG HQJLQHHULQJ 6HUYLFH ,WKDFD 1<

>@ $JD '6 2¶&RQQRU 6 (QVOH\ 6 3D\HUR -2 HW DO 'HWHUPLQDWLRQ RI WKH SHUVLVWHQFH RI WHWUDF\FOLQH DQWLELRWLFV DQG WKHLU
GHJUDGDWHV LQ PDQXUHDPHQGHG VRLO XVLQJ HQ]\PHOLQNHG LPPXQRVRUEHQW DVVD\ DQG OLTXLG FKURPDWRJUDSK\±PDVV VSHFWURPHWU\
- $JULF )RRG &KHP  ±
>@ 6FKOXVHQHU 03 YRQ $UE 0$ %HVWHU . (OLPLQDWLRQ RI PDFUROLGHV WLDPXOLQDQG VDOLQRP\FLQ GXULQJ PDQXUH VWRUDJH - $UFK
(QYLURQ &RQWDP 7R[LFRO ±
>@ 6HPSOH .7 5HLG %- )HUPRU 75 ,PSDFW RI FRPSRVWLQJ VWUDWHJLHV RQ WKH WUHDWPHQW RI VRLOV FRQWDPLQDWHG ZLWK RUJDQLF
SROOXWDQWV - (QYLURQ 3ROOXW ±
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>@ ;LD . %KDQGDUL $ 'DV . HW DO 2FFXUUHQFH DQG IDWH RI SKDUPDFHXWLFDOV DQG SHUVRQDO FDUH SURGXFWV 33&3V LQ ELRVROLGV - -
(QYLURQ 4XDO  ±
>@ +DNN + 0LOOQHU 3 /DUVHQ * 'HFUHDVH LQ ZDWHUVROXEOH ȕHVWUDGLRO DQG WHVWRVWHURQH LQ FRPSRVWHG SRXOWU\ PDQXUH ZLWK WLPH
- (QYLURQ 4XDO   ±
>@ 'ROOLYHU + *XSWD 6 1ROO 6 $QWLELRWLF 'HJUDGDWLRQ GXULQJ 0DQXUH &RPSRVWLQJ - (QYLURQ 4   
>@ %DR < =KRX 4 *XDQ / HW DO 'HSOHWLRQ RI &KORUWHWUDF\FOLQH GXULQJ &RPSRVWLQJ RI $JHG DQG 6SLNHG 0DQXUHV - :DVWH
0DQDJH  í
>@ $ULNDQ 2 0XOEU\ : ,QJUDP ' HW DO 0LQLPDOO\ 0DQDJHG &RPSRVWLQJ RI %HHI 0DQXUH DW WKH 3LORW 6FDOH (IIHFW RI 0DQXUH
3LOH &RQVWUXFWLRQ RQ 3LOH 7HPSHUDWXUH 3URILOHV DQG RQ WKH )DWH RI 2[\WHWUDF\FOLQH DQG &KORUWHWUDF\FOLQH - %LRUHVRXU 7HFKQRO
  í
>@ %\NV|QPH] ) 5\QN 5 +HVV 7) HW DO 2FFXUUHQFH GHJUDGDWLRQ DQG IDWH RI SHVWLFLGHV GXULQJ FRPSRVWLQJ 3DUW ,
&RPSRVWLQJ SHVWLFLGHV DQG SHVWLFLGH GHJUDGDWLRQ - &RPSRVW 6FL 8WLO  ±
>@ %ULM 9HUPD D -RKQ 9 +HDGOH\ E5LFKDUG ' 5REDUWV %HKDYLRXU DQG IDWH RI WHWUDF\FOLQH LQ ULYHU DQG ZHWODQG ZDWHUV RQ WKH
&DQDGLDQ 1RUWKHUQ *UHDW 3ODLQV- (QYLURQPHQWDO 6FLHQFH DQG +HDOWK  ± 
>@ )OHPPLQJ , /DUV 7 0DULH/RXLVH / HW DO 3ULPDU\ ELRGHJUDGDWLRQ RI YHWHULQDU\ DQWLELRWLFV LQ DHURELF DQG DQDHURELF VXUIDFH
ZDWHU VLPXODWLRQ V\VWHPV - &KHPRVSKHUH 
>@ 6¡HERUJ 7 ,QJHUVOHY ) +DOOLQJ6¡UHQVHQ % &KHPLFDO VWDELOLW\ RI FKORUWHWUDF\FOLQH DQG FKORUWHWUDF\FOLQH GHJUDGDWLRQ SURGXFWV
DQG HSLPHUV LQ VRLO LQWHUVWLWLDO ZDWHU - &KHPRVSKHUH   ±
